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CAPACITOR BANKS FOR BOOSTER RESONANT
POWER SUPPLY

Jan Ryk

April 14, 1970

Preliminary studies regarding the capacitor banks for
the Booster Resonant Power Supply were started in 1968. The

goals set for the capacitors were the following.

1. Low losses
2. Low stray capacitance to ground

3. Low variation of capacitance as a function of
temperature

4. High degree of reliability
5. Easy replacement of faulted units

6. Possibility of mounting the capacitors in the
magnet support girder

7. Low cost

The following information was obtained from different

capacitor manufacturers,

1. McGraw Edison Company
(Line material industries)

a. The typical variation of capacitance as a function
of temperature between 20° and 50° C is 2%%, see

Figure 1,
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b. Capacitor cans will usually not rupture if the
energy dumped into a faulted can does not exceed

5 kJ,

c. The typical capacitance from the terminals of a
capacitor to the can is 2000 pico farads. This
stray capacitance is constant to within 10% for

a given design,

Sangamo Electric

a. Typical variation of capacitance as a function
of temperature over the temperature range of

20° to 50° C is 2%%, see Figure 2.

b. Dissipation factor expected for 15 Hz operation

is .6%, see Figure 3.

c. Sangamo suggests to restrict the energy in a
capacitor bank to 15 kJ based on consideration
of rupture strength of standard fuses and capac-

itor cans.

d. O0il impregnated multilayer kraft paper is
usually used for dielectric., The winding of
individual capacitor packs is done in a temper-

ature, humidity, and dust controlled environment.
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Maxwell Laboratories

a, Typical dissipation factor expected at 15 Hz

operation is .25%, see Figure 4.

b. Typical dissipation factor dependence on temper-

ature is shown in Figure 5.

c. Typical impregnants used are:
. Aroclor, k =6

., Silicone o0il, k = 4, AC/AT < - 1% over
20° - 50° C, practically doubles the cost
of the capacitors

. Silicat ester, k = 4, similar to silicone
oil, both silicone oil and silicat ester
requires 50% more volume for the same

capacitance, due to the low k.
. Mylar, AC = +20% over 20° to 50° C,
cost: 2 times that of aroclor capacitors;
losses: 2 times those for aroclor capacitors.
d. Water-cooled capacitors: volume 20% higher than

air-cooled capacitor due to cooling coil, cost

is 35% higher, cooling efficiency 30 to 40%.

e. Paper-film capacitors, using kraft paper and
polyprolene film. Losses about 25% of those of
paper capacitors, cost is twice as high, volume

about 30% larger,
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f., PFilm capacitors: losses about 10% lower than
for the paper dielectric, volume about 6 times

larger, cost about 4 times higher.

Prototype Wprk

Based on the information received from the different
manufacturers and guided by the goals set for the capacitor
bank, we came to the following requirements for the Booster

capacitor banks.

1. The dissipation factor at the expected operating

temperature of 50° C should not exceed .3%.

2. In order to further limit the losses, no internal

discharge resistors should be used.

3. The stray capacitance to ground should be minimized
by mounting the capacitor units in an insulated
structure, using single bushing capacitors, The
total capacitance appears now between the single
bushing and the can. With the can connected to the
structure, the stray capacitance to ground is now
determined by the insulation distance to ground

which can be large.

4. Use paper impregnated with aroclor as the dielectric.
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This is the lowest cost and the most compact unit.
Aroclor is nonflammable and, therefore, good for
indoor use, A test report prepared by Underwriters
Laboratory regarding monsanto aroclor 1248 and 1242

is attached.

Can rupture is unlikely to occur since the maximum
stored energy in a Booster capacitor bank is 6 kJ.

In spite of this, the individual capacitor cans will
be fused to definitely prevent can rupture. Fuses
will be indicating type. Prevention of can rupture
will prevent burning of the paper dielectric which
can cause toxic fumes, as indicated in the report
mentioned under Item 4. Capacitor can rupture curves

and fuse clearing curves are attached (see Figures

6 & 7).

The capacitors will be assembled in modular structures
designed to fit in the magnet support structure.
Individual capacitor mounting and capacitor module
mounting will be such that individual units or modules
may be removed easily and fuse replacement can be

achieved easily.

Air-cooled capacitors will be used, because of the

following advantages over water-cooled units.
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a, Smaller volume
b. Lower cost

¢. Elimination of extra cooling equipment

Furthermore, the maximum dissipation for air-cooled
capacitors is 1040 watts over a total area of 3700

square inches or .28 watts/sq in. The water-cooled
units could not be fitted in the available space in

the magnet support girder,

In order to evaluate manufacturing capabilities and
designs, we decided to obtain a prototype capacitor bank based
on our specifications from three different manufacturers. The
three different designs were evaluated by means of tests at

the manufacturers' plants and tests at NAL.

Final Capacitor Banks

The final capacitor banks decided upon have the following

design parameters.

Total capacitance per bank 8300 uF + 30uF
Number of modules 3
Number of capacitor units

per bank 17 + 1 trimmer
Operating voltage 815 V rms

Operating frequency 15 Hz
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Dielectric
Voltage stress 450 Volts/mil
Material Kraft Paper
Paper density .9
Impregnant Monsanto aroclor 1242
Number of layers 4
Thickness per layer .00045 inch
Total paper thickness .0018 inch
Foil Aluminum
Construction Tabbed
Number of tabs/foil 2
Number of sections/can 12
Can dimensions 26" x 13%" x 6"
Capacitance per can 490 + 10 yF
Digsipation factor .2%
Losses per bank at 815 Vrms 1040 watts
AC over 50° F to 120° F 2.37%
Can temperature rise at
1120 V peak 15° ¢C
Spacing between cans %"
Life expectancy 20 years
Fuse rating 1200 v-75A
Fuse type Westinghouse CLC

Trimmer Unit
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4 bushings, respectively, at 1/8, 1/8, 1/4, and 1/2 of
the capacitance value of a standard can, construction

identical, number of sections: 16.

Tests

The following factory tests were performed to assure

that the capacitor banks met the NAL requirements.

1. The dissipation factor was measured at:
60 Hz, 815 Vrms, 80° C + 50 C (all units)
120 Hz, low voltage, room temperature (all units)
60 Hz, 600 Volts, room temperature (10% selection)

60 Hz, 600 Volts, 120° C % 1° C (10% selection)

2. The capacitance was measured at:
120 Hz, low voltage, room temperature (all units)
60 Hz, 600 Volts, room temperature (10% selection)
60 Hz, 600 Volts, 85° Cc + 5° C (10% selection

60 Hz, 600 Volts, 120° C t 1° C (10% selection)

3. All units were subjected to a switching surge test
consisting of:
Full rated voltage, 60 Hz, for two seconds
Zero voltage for one second
Full rated voltage, 60 Hz, for two seconds
Zero voltage for one second

Two times rated voltage, 60 Hz, for ten seconds.
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The capacitance and dissipation factor were measured
with a low voltage, 120 Hz bridge before and after

the switching surge test.

One unit, after it had passed all of the above tests,
was charged up by means of a dc power supply until
destruction, The unit failed at 7 kV, which corres-
ponds with a stored energy of 1/2 x 490 x 1076 x
(7000)2 = 12,000 Joules. The can bulged but did not

rupture.

A small quantity of the aroclor impregnated paper
dielectric in open air was burned by means of an
open flame, The paper burns readily, the aroclor
caused black smoke with irritating fumes. (Also
see the Underwriters' Laboratories test report on

aroclor,)

In addition to the factory tests, one complete capacitor

bank was operated at NAL under normal 10 GeV operating con-

ditions.

The capacitor bank was mounted in a typical magnet

support structure, placed in the Booster Prototype tunnel.

The can temperatures were recorded under these conditions.

The maximum can temperature rise was 15° C. The time necessary

to reach a stable temperature was 4% hours.
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Conclusions

Typical performance curves of the capacitors are shown
in Figures 8 through 12. All units were fabricated from one
shipment of paper. The temperature and humidity during wind-
ing of the capacitors was controlled. The result was small

capacitance tolerance between individual cans.

The units that passed the stringent factory tests may
be considered very reliable. If we aséume that one unit is
representative, we may conclude from factory test No. 4 that
can rupture under fault condition in the Booster system is
very unlikely since the maximum energy in a capacitor bank

at 10 GeV operation is 6 kJ and the test can did not rupture

under failure at 12 kJ.

Under these conditions we do not expect the capacitors
to form a fire hazard. The aroclor impregnant is non-flammable
at normal temperatures. As long as no can rupture occurs, the

paper will not burn.
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REPORT
on
LIQUID DIELECTRIC AND COOLING MEDIUMS

General Electric Co,,
Schenectady, N.Y,

e =ov e

Since issuance of our listings of Pyranols
covered in our revorts of September 29, 1934, April 14,
1936, April 9, 1940, August 7, 1941, December 1, 1942,
and March 16, 1944, this manufacturer has developed
additional liquid dislectric and cooling mediums
designated as "Pyranol Nos. 1498 and 1499",

DESCRIPTION

—_—— Sl L I e vl L

PRODUCTS COVERED BY THIS REPORT:

Liquid dielectric and cooling mediums,
"Pyranol Nos, 1498 and 1499."
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GENERAL CHARACTER AND USE:

The products which are the subject of this
report are chlorinated aromatic hydrocarbons. They
are intended for use as dielectric and cooling mediums
in electrical apnaratus. They are not intended to

replace 0il as a dielectric and cooling medium unless
equipment is designed for either oil or these products.

 MARKING:
"Pyranol Nos, 1498 and 1499,"
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THE INVESTIGATION

The object of this investigation was to
determine the fire and explosion hazard of the products,

In planning the investigation consideration was
given to the General Nature of the products, their Flre
and Toxic Hagard, Corrosive Action Stablllty, and
Uniformity, The method of investigation of each of
these phases is given below,

Information as to the general nature of the
products was obtained by means of Identification Tests.

In the study of fire and toxic hazards, the
product was inve StlEath as to flammablllty, explosive~-
ness of the vapors when mixed with air, vroducts of
decomposition, and decomposition temperature, The
tests included Flash Point ;ests, Fire Tests, Ignltlon
Temperature Tests, Tests for Explosiveness of Vapors in
Air, Explosive Range Tests, Decomposition Temperature
Tests, and Analytical Tests of Decomp031tlon Products,

Corrosion Tests on metals commonly used in
electrical apparatus were conducted. In view of the
similarity of the products, corrosion tests were conducted
on only one of the two products submltted,

Information bearing on the stability of the
products was obtained from Decomposition Temperature
Tests, Corrosion Tests, and consideration of the
chemical properties of the products,

4 The process for manufacturing the products is
subject to definite control, and a detailed investigation
of factory process was not therefore considered necessary,
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EXAMINATION AND TEST RECORD

- aare Sewm mmm A Gy ke W wed  wae  me e — —— — m— -

DESCRIPTION OF SAMPLES

The manufacturér furnished S—gal samples
of the products, Pyranol Nos. 1498 and 1499.

IDENTIFICATION TESTS:

METHODS

Specific Gravity - The specific gravity was
determined by means of a pycnometer, ‘

Test for Chlorine - A few drops of the product
together with a small piece of metallic sodium are
heated in a test tube over a bunsen burner, After the .
reaction is completed, the test tube is broken in water;
the resulting solution is filtered; and nitric acid and
silver nitrate solution are added, The formation of a
white precipitate indicates the presence. of chemically
combined chlorine,

_ Distillation Test =~ A 100-g sample was distilled
using the méthod (D20-30) of the American Society for
Testing -Materials,.’

RESULTS

The results of the identification tests are
recorded in Table I,
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RESULTS OF IDENTIFICATION TESTS

Pyranol

Distillation Test:
- Initial Boiling
~“Point

Temperature

Below 335 C (635 F)

Below 340 C (644 F)

340 ¢ (644 F) to
350 C (662 F)

1350 ¢ (662 F) to

t 379 ¢ (714 F)

335 ¢ (635 F) to

358 C (676 F)

End Point
Residue
Distillation Loss

330,0 C {626 F)
Amount distilled

60.,5% by weight
27.5% by weight

9,5% by weight

379 ¢ (714 F)
1.3% by weight
1,2% by weight

Pyranol
No. 1498 No. 1499
Specific drévity at 1.456 1,384
v 15.6 ¢ (60 F)
I5.6 C (60 F)
Chlorine Present Present

312,0 C (594 F)

88.7% by weight

10,2% by weight
358 ¢ (676 F)

0.8% by weight
0.3% by weight

Amount distilled

!

—
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FLASH POINT TESTS:

METHOD

The flash point was determihed with the Pensky-
Martens closed tester using the method (D93-46) of the
American Society for Testing Materials. :

RESULTS

The results of the flash point tests are as
‘'ollows:

Sample No, ~ Flash Point (2)
pample MO AR 5
14,98 196,1 ¢ (385 F)
1499 176,7 ¢ (350 F)

FIRE TESTS:

METHODS

The fire tests were made with the Cleveland open
cup; using the method (D92-46) of the ‘American Society for
Testing Materials., B ' ’

RESULTS
| - (3)
The sample Nos. 1498 and 1499 gave negative
results in the fire tests. (4)
(2) In this connection, see Note k,
(3) -Interﬁittent flashes were obtained but the product

did not continue to burn. The sample was heated to
boiling voint; the test was then discontinued.

(4) In view of the negative results obtained in the Fire
Tests, it is clear that the flash point test cannot
be depended upon to give a true measure of the fire
hazard of these products, It was therefore necessary
to conduct Tests for Explosiveness of Vapors in Air.
See Page 9, ‘ :
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IGNITION TEMPERATURE TESTS:

METHOD

The avparatus consists essentially of a
combustion chamber surrounded by a solder bath,
which is heated at a constant temperature during
the test by a bunsen burner, The temperature of
the solder bath is measured by means of a
calibrated thermocouple provided with a quartz
tube to vrotect the hot junction,

The combustion chamber consists of a quartsz
flask of conical form with flat bottom, 4-1/2 in,
(11.4 om) in height, 2-3/8 in, (6.0 em} in diameter
at bottom, and 1- 1/8 in. (2.8 cm) in diameter at top.
It is of about 160-cc capacity ‘(rated capacity 125 cc)
having a ratio of surface area to volume of about

ele

Measured test samples in the liquid phase
are introduced into the heated combustion chamber by
means of a micro pipette. Different amounts of the
sample are admitted to the chamber in successive
tests in order to.determine the minimum temperature
at which the vapor of the liquid in any proportion
with air will ignite, The residual vapors or gases
in the combustion chamber are comvletely disvlaced
by a stream of air in the interval between tests,
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RESULTS

The results of the ignition temperature tests

are tabulated below:

. | - (5)
Sample No. Ignition Temperature
14,98 672 C (1243 F)
1499 652 C (1206 F)

(5)

The main value of the 1vn1+10n test is to
determine the minimum temperature required to
produce ignition under the most favorable
conditions in the absence of a flame or spark
including ratio of vapor to air and ratio of
heated surface to volume of vapor-air mixture.
Under less favorable conditions as when the
liquid is applied to a hot plate a higher
temperature for 1gn1t10n is reculred, A
limitation of the ignition test in a small
vessel is that it does not show whether flane
propagation for any material distance will occur,
After determlnlng the ignition temperature
therefore it is necessary to obtain additional
data having a bearlng on flame propagation,
These data are given by Tests for Explosiveness
of Vanors in Alr.
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TESTS FOR EXPLOSIVENESS OF VAPORS IN AIR:

METHOD

The apparatus consists of a cylindrical steel
vessel 6 in. in diameter (internal) and 26 in. long,
It is provided with a small mica window and an outlet
to the atmosphere. The apparatus is heated externally by
gas burners, Openings are provided half way between
the ends of the vessel to admit electrode terminals con-
nected to an induction coil, The electrode terminals
are spaced to give a spark gap of 1/4 in.

An iron-constantan thermocouple connected to a
potentiometer is used ﬁpr rough measurements of the
temperature of the vapor inside of the vessel.

Samples ranging in volume from 20 to- 80 cc
were introduced into the cylinder which had previously
been heated to a predetermined temperature., The out-
let of the cylinder was closed with a loose ashestos
plug, Sparks were passed between the electrode ter-
minals at intervals of one-~half minute,

Residual gases and vapors were displaced from
the cylinder by a stream.of air in the interval
between tests,

RESULTS

' Sample No, 1498 - No propagation of flame
occurred at temperaturev up to 148 C (298.4 F). Flame
propagation with weak pressure effects (sufficient to
push asbestos plug from outlet of cylinder) occurred

at 150 C (302 F). Moderate pressures effects (asbestos
plug thrown about 3 or 4 ft horizontally from outlet

of cylinder) were obtained at temperatures somewhat
above 150 C (302 F).

Samole No, 1499 - No propagation of flame occurred
at temperatures up to 141 C (285.,8 F), Flame propagation
with weak pressure effects (sufficient to push asbestos
plug from the outlet of cylinder) occurred at 144 C
(201,2 F) Moderate pressure effects (asbestos plug
thrown about 3 or 4 ft horizaontally from outlet of
cylinder) were obtained at temperatures somewhat above
144 C (291.2 F),
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EXPLOSIVE RANGE TESTS:
| METHOD

The apparatus consists essentially of a glass
chamber eauipped with a spark gao and a stirrer, The
chamber is cvlindrical with the lower end hemispherical
and is approximately 3 in, in diameter by 8 in, in
height; it has a net volume of 863 cc. The avpparatus is
provided with a glass lid supporting the stirrer and the
leads to the spark gap near the bottom of the chamber.
An opening in the lid is provided for introduction of
the samnle. The glass chamber is immersed in a molten
solder bath to a depth of 6 in. o

In conducting tests the solder bath was main-
tained at a constant temperature of 400 C (752 F),
a measured ouantity of the liquid to be tested was
placed in the apraratus, and the vapors stirred.
Sparks were then passed at the spark gap while observa-
tions wére made for flame travel and pressure-effects,
Following the test -the vapors were displaced by a slow
stream of compressed air in preparation for the next
test, S

RESULTS

The results of the explosive range tests of
Samples Nos, 1498 and 1499 in air at 400 C (752 F)
are shown in Table II, v

DECOMPOSITION TEMPENATURE TESTS:

METHOD

The apparatus described in connection with Ignition
Temperature Tests was used in these tests. The vapors
evolved on introducing samples into the heated chamber were
tested with moist blue litmus paper, a change in the color
of the paper from blue to red indicating decomposition of
the product, The minimum temperature at which litmus paper
showed an appreciable change in color within a short time
(3 min) was considered to be the decomposition temperature,

RESULTS

The results of the decomposition temperature
tests are recorded in the following table,

Sample No, Decomposition Temperature

1498 305 C (581 F)
1499 309 ¢ (588 F)




-21-

T™™-230

November 8, 1949032:

-
~

MH2581

*RATTTOVMWIETI JO SITUTIT OUl J89U S6JInjXIU

Ior w2a00¢He G PTNO

ge fgassq osaUl

UT DOU T22q0 ‘BISoM §9.08JJ0 oxnssaxd eoH

6°¢ 41T 0TT*0 €T 6%€ 9€0°0 | 6671
6°¢ 0°€T 6TT°0 T°T g€ €€0°0 | 86"

(D95 TToTED) | (PPAeTtoTED) | 00 356L  |(Dosernoten) | (PesernoreD) | 00 389L | *OM
avumToA £Q ITY Jo UT .pHsA m_,mHSHob,hp ITV JO uT pesn oTdureg
quep Ied 31 00 000T STMTOA ‘quegp I9d 94 1D 000T ovmMTCA |

JIod PIVULTT
poztIodep QT

xod pIndTI
P9Z TI0GBA QT

4TETT xeddn

4TWTT I9M0T

SISHI TONTE TATSOTSIE A0 SITASY

IT TTEVL




TM-230
-22- 0323

MH2581 November &, 1949

ANALYTICAL TESTS OF DECOMPOSITION PRODUCTS:

METHOD

The cylinder preV1ously descrihed under Tests
for Exp1081veness of Vapors in Air was also used for
exposing vapor-air mixtures to hot iron surfacess
Connections for withdrawing samples of the decomposition
products for analysis were inserted in the outlet
pipes The cylinder was externally heated to a tem-
perature of 600 C (1112 F) by gas bumers,

Samples of the product in the llquld phase
were introduced into the heated cylinder at a uniform
rate. Samples of the decomb051tlon produc ts were
withdrawn from the outlet pipe and hydrochlorlc acid,
free chlorine, phosgene, carbon dioxide, oxygen, carbon
monoxide, gases absorbed by fuming sulphuric acid and
methane and other paraffin hydrocarbon gases, were
determined using the following nethodse

Tests for free chlorine were made by liberation
of iodine from agueous potassium iodide solution and
subsequent titration with sodium thiosulphate solution
using starch solution as an indicator. A measured
samnle was drawn by a calibrated aspirator bottle
through a train consisting of two spiral form bubbling
towers oontalnlng notta551um iodide solut*on.

Phosgene was determlned by absorptlon in
agueous aniline solution. Phosgene reacts ocuantita-
tively with aniline to form diphenylurea, one molecule
of phosgene being eaquivalent to one molecule of
diphenylurea,

_ A measured sample was drawn through a train
of three bubbling towers containing freshly prepared
aqueous aniline solution saturated with diphenylurea,
Free chlorine interferes wiith the determination and
was removed by granulated antimony contained in a tube
through which the sample passed before it entered the
bubbling towers, The precivitate of diphenylurea
was separated from the aniline solution by filtration,
- washed with cold water, dissolved in ethyl alcohol,
recrystallized, dried, and weighed,
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Samples of the decomposition products were
also collected in evacuated glass sampling tubes,
In these samples hydrochloric acid was determined
by solution in water and titration with standard
alkali solution; carbon dioxide, carbton monoxide,
oxygen, gases absorbed by fuming sulphuric acid,
hydrogen, and paraffin hydrocarbon gases, were
determined with the Burrell form of gas analysis
‘apraratus after treating the sample with silver
nitrate solution to remove hydrochloric a01d.

RESULTS
‘The results of analytibal tests of the de-

composition hroducts in the presence of hot iron
surfaces are shown .in Table 11T,

CORROSION TESTS:

METHOD

The metals used in the corrosion tests were.
copper, yel]ow brass, 1ron, ‘tin-lead solder, and
copper and iron coupled, Test specimens, 3/h in, wide
and 6 in, long were cut -from sheets of the netals,

The snecimens Were buffed,measured, cleansed with soap
and water, washed with ethyl alcohol and ethyl ether,
dried, and weighed,

Bach specimen was immersed for half its length
in a sample of the product contained in a glass tube
provided with a cork stopper, The tubes were heated
to' a temperature of 90 C in an electr1cally-heated
oven controlled by a thermostat.

The samples were - examlned visually at weekly
intervals during the test for evidences of corrosion,
At the conclusion of the test, the specimens were
cleansed, dried, weighed and fhe change .in weight per
souare centlmeter of surface area calculated. '

RESULTS

When heated in glass tubes containing Sample
No, 1498 at 90 C for 1465 hours, the specimens showed
little visible evidence of corrosion except for a slight
discoloration of the surfaces above the liquid, The
change in weight of the specimens was very small (less
than 1,0 mg per sgq cm),
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RECORD LN SERVICE
The type of materi al represented by Pyranols
Nos. 1498 and 1499 has been in commercial service in
increasing amounts during the past several years, The
value of these liquids as dielectric and cooling mediums
has been demonstrated,

THEE SUBMIITIOR
The manufacturer, the Genheral Electric Company,
Schenectady, MNew York, is exverienced in the manufacture
of electrical anparatus and related products, tany of their
proéucts being llsted by UnderwrlterQ' Latoratories, Inc,

SUPERVIQION OF PR ODUCTS BY UNDZPNRILEH ! LABORA OﬁIES, INC,

The products‘W1ll be placed under Reexamination
Servicei ' ’
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GENERAL NATURE:

These products are chlorinated aromatic hydro-
carbons. :

The results of the Identification Tests conducted
indicate that the products are essentially hydrocarbons
containing combined chlorine.,

- FIRE AND TOXIC HAZARD:

These products are nonflammable at ordinary tempera-
tures. They are capable of forming moderately combustible
and exvlosive mixtures with air under laboratory test- |
conditions at higher temperatures, beginniné{aﬁ a Lempera-
ture level of 150 C (302 F), in case of Pyranol No. 1498
dnd 1bLL C (291,2 F) in the case of Pyranol No. 1499, but
under practical conditions formation of combustible or
explosive mixtures is regarded as extremely unlikely, The
fire hazard is very small,

It will be noted that the flash points of the products
are comparatively high, and that a so-called "fire point"
was not obtained. While intermittent flashes occurred in this
test, the products did not continue to turn. The flash point
and so-called "fire point" tests, particularly the latter, in
the case of chlorinated hydrocarbons are of limited value as
a measure of fire hazard but are useful for purpeses of
jdentification. The practical significance of the above
tests in the case of the products in question is that their
fire hazard is of a low order.

As shown by the results of Tests for Explosiveness
of Vapors in Air, vapors of Pyranol No, 1498 failed to ignite
or explode in tests at 148 C (298,4 F) but weak combustion
occurred in tests at 150 _C_ (302 F).. Vapors of Pyranol
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No. 1499 failed to ignite or explode in tests at 141 C
(285.8 F) but weak combustion occurred in tests at 144 C
(291.2 F)., Moderate explosions were obtained in tests at
temperatures somewhat above these minimum values. At a
temperature of 40O C (752 F) the lower limits of
flammability (upwaquprppagation) of the vapors of Pyranol
Nos+-1498 and 14,99 werée found to be 1.1 per-cent and

1.3 per cent by volume in air respectively and the
corresponding upper limits of flammability (upward
propagation) were found to be 3.9 per cent by volume. It
will be noted that these are comparatively narrow
exnlosive ranges.

The minimum ignition temperatures of the products
were found to he 672 C (1243 F), and 652 C (1206 F) for
Pyranol Nos. 1498 and 1499 respectively as recorded in the
results of Ignition Temperature Tests, )

The gases produced by burning or decomposition
of the products by heat are nonflammable or nonexplosive
alone or mixed with air. In previous tests of similar
products the gases formed by burning or decomposition
were similar irrespective of whether formed by hot surfaces
or electric arcs.

The gases or fumes produced by decomposition of the
products include hydrochloric acid and carbon monoxide,
This will ordinarily constitute a toxic hazard only where
the conditions are such as to cause confinement of the fumes
as in a closed room in which combustion or decomposition
of the products is maintained by fire, highly heated
surfaces, or electric arcs.

It is to.be noted in this connection that oils in
common use at present as the dielectric medium for
electrical apparatus are readily combustible and when
burning under conditions of restricted air supply form
carbon monoxide in dangerous concentrations, '

The resulting concentration of hydrochloric
acid in air when failure of a transformer or other electrical
apparatus containing these products occurs will depend
largely upon the conditions. It will constitute a toxic
hazard only where the conditions are such as to cause a high
concentration of the fumes as in a closed room. In ordinary
use, the small quantities of gases evolved will be vented to
some safe location. -
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The exceedingly unpleasant and irritating
fumes from the decomvosition of these products even in
concentrations of a very low order act not only to give
warning of their presence but to prevent dangerous
exposure of persons. While carbon monoxide is odorless
and toxic its formation from these procucts is always
accomnanied by the simultaneous formation of hydro-
chloric acid gas which gives adequate warning of its
presence as brought out above..

It will be noted that combustion and decomposition
of the products was maintained by heated surfaces (600 C,
1112 F) in carrving out the analytical tests of: the _
decomposition products. As shown by the results of the
Decomposition Temperature Tests, -the products were not
appreciably decomposed at temperatures below 305 C (581 F),

CORROSIVE AGCTION:

The products do not corrode the metals commonly
used in electrical apparatus,

No corrosion occurred in the tests conducted on
representative metals and-alloys as recorded under
Corrosion Tests.

It will be noted from the results of Analytical
Tests of Decomposition Products that appreciable amounts
~of hydrogen chloride are formed on combustion or de-
composition of the vroducts in the presence of hot
metal surfaces, -

STABILITY:

The products are reasonably stabie and - in use
are’unlikely”to'undefgo decomposit ton resulfing in»an
increase in fire haszard,

In the Decomposition Temperature Tests the products
did not undergo appreciable decomposition at temperatures
below 305 C (581 F). Considerations of the chemical

structure and prorerties of the products also indicate that
they are reasonably stable, o
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UNIFORMITY :

Considering the general process of manufacture,
it appears to be practicable to maintain a high standard

of uniformity on a commercial scale,
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RECOMMENDATION

pei s S T I T

TO THE ELECTRICAL AND FIRE COUNCILS OF UNDERWRITERS'
LABORATORIES, INC.

We recommend promulgation of the following notice
to subscribers and the action indicated thereby:

Guide No. 80 I0. November &, 1949. File MH2581,

General Electric Co., Mfr,,
1 River Rd., Schenectady, N.Y,

Dielectric Mediums.

Synthetic liquids intended for use as dielectric and
cooling mediums in electrical apparatus, particularly
transformers, cables, and capacitors. S

Nonflammable and nonexplosive at ordinary temperatures.

Marking: "Pyranol Nos. 149& and 1499,"

Listed by Report - Further information is contained in
a revort dated November 8, 1949, copy of which may
be obtained either from the manufacturer or from
Underwriters' Laboratories, Inc. (These products
are not intended to replace o0il as a dielectric
and cooling medium unless equipment is designed
for either oil or these products,) ?

See description of Reexamination Service on guide card.

Tests by: Report by

C. C, Clogston , - o7 .
J, F. McArdle /7_ C:z fgk’f}p, 4
R. L. Donohue Ly Loy S50

¢, C, CLOGSTON'
Physical Chemist

SUBMITTED:

Chemical Engineer

The foregoing Recommendation has been accepted

12-27-49 —
UNDERWRITERS' LABORATORIES, INC,

(STGNEDY W. S Austin
Secretary

CCCiLZ
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> PROBABILITY] OF 'CASE, RUPTURE
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AVAILABLE SHORT - CIRCUIT CURRENT IN RMS AMPERE
* For times shorter than 1 cycle use asymmetrical rms amperes.

Fig. 6-3
CURRENT-VERSUS-TIME FOR A CAPACITOR UNIT TO RUPTURE DUE TO . GAS PRESSURE
CAUSED BY INTERNAL ARCING FOR 100 KVAR UNITS Fre é
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